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SLOW- WAVE STRUCTURE FOR RIDGE WAVEGUIDE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Not Applicable 

STATEMENT RE: FEDERALLY SPONSORED RESEARCH/DEVELOPMENT 
[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates in general to a waveguide filter, and more particularly, 
to a ridge waveguide filter having a slow-wave structure. 

[0004] Waveguide filters have been widely known to provide outstanding performance at 
microwave frequencies compared to other technologies such as microstrips, striplines or even 
coax transmission lines. Depending on the configurations and dimensions, low-pass, high-pass, 
and band-pass waveguide filters have been developed to separate the various frequency 
components of a complex wave. Figure 1 shows a conventional rectangular waveguide. The 
rectangular waveguide is typically a hollow metallic tube with a rectangular cross-section. 
According to IRE standards, the coordinate system as shown in Figure 1 includes the x direction 
taken as the longer transverse dimension, the y direction taken as the shorter transverse 
dimension, and the z direction taken as the longitudinal dimension. The conducting walls of the 
waveguide confine electromagnetic fields and thereby guide the electromagnetic wave. As 
known in the art, the rectangular waveguide is normally very bulky and costly. Although the 
lately developed micro-machine technique seems to resolve the cost issue, the dimension of the 
rectangular waveguide is still too large to be useful. 

[0005] To resolve the size issue, ridge waveguides have been proposed by introducing single 
ridge or multiple ridges into the rectangular waveguides. The introduction of a ridge loads the 



waveguide with a shunt capacitance and therefore reduces the characteristic impedance of the 
waveguide. As a consequence, the cross-sectional area required for operation at a certain 
frequency is reduced compared to the rectangular waveguide, but the decreased impedance leads 
to two deleterious effects, including increased loss (degraded performance) due to the increased 
current that must flow through the conductive walls, and the limited bandwidth obtainable in 
coupling structures connecting to the ridge waveguide. 

[0006] George Goussetis discloses a periodically loaded E-plane filter in IEEE Microwave 
and wireless components letters, Vol. 13, No. 6, June 2003. The E-plane filter is formed by 
loading periodically reactive obstacles in form of ridges in a conventional rectangular 
waveguide. Such E-plane filters, though providing a slow-wave structure, does not resolve the 
cross-sectional size issue of the rectangular waveguides, and do not take advantage of the 
increased impedance. 

[0007] Therefore, there is a substantial need to provide a waveguide filter structure that 
includes a slow-wave structure and has a reduced size. Further, the characteristic impedance of 
such a waveguide filter will not be reduced because of size reduction. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention provides a ridge waveguide filter having a slow-wave structure. 
The ridge waveguide comprises an elongate hollow tube defined by a conductive side wall. At 
least a first part of the conductive sidewall periodically protrudes into the hollow tube along an 
elongate direction of the hollow tube to form a plurality of ridges in the hollow tube. Preferably, 
the sidewall is fabricated from metallic materials. If made from a non-conductive material, the 
material should be metallized on the interior surfaces. The hollow tube includes a rectangular 
hollow tube or a circular hollow tube, for example. The ridges are equally spaced from and 
parallel with each other, and each of the ridges has a bottom surface parallel with a second part 
of the conductive sidewall. The second part of the conductive sidewall is opposite to the first 
part of the conductive sidewall. 

[0009] The present invention further provides a ridge waveguide filter having a slow-wave 
structure which comprises an elongate hollow tube defined by a conductive sidewall, at least one 
ridge protruding from the conductive sidewall into the hollow tube and extending along an 
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elongate direction of the hollow tube, and a plurality of trenches formed in the ridge along the 
elongate direction. The conductive sidewall includes either a rectangular cross section or a 
circular cross section, for example. The trenches may have a depth the same as the height of the 
ridge. The trenches are parallel to each other and equally spaced from each other. 
[0010] The present invention further provides a method of forming a ridge waveguide having 
a slow-wave structure. A body portion of an elongate hollow tube is formed, and the body 
portion has an open top. A planar plate having a first surface and a second surface opposite to 
the first surface is provided. The first surface is processed by micro-machine technique to form a 
ridge. The ridge is recessed from the first surface and protruding from the second surface. The 
second surface is further processed by micro-machine technique to form a plurality of trenches 
recessed from a top surface of the ridge. The open top of the body portion is covered by 
attaching the planar plate to the body portion, while the second surface of the planar plate faces 
the body portion. 

[0011] The present invention further provides an alternative method of forming the ridge 
waveguide filter. The method comprises the following steps. An elongate body of an easily 
etched material, such as Silicon, is provided. After the appropriate photolithographic patterning, 
a shallow etch is made, to form what will become the gap between a ridge and the opposite side. 
Lithographic patterning is again applied, and since the first etch was shallow, the second pattern 
is able to conform to the previously etched surface. A second deep etch, perhaps made with the 
reactive ion etch (RIE) technique, forms the sides of the waveguide and the notches in the ridge. 
This piece is then metallized and a conductive plate is attached to it in such a way as to form the 
bottom of the waveguide. 

[0012] The present invention further provides a method of maintaining a characteristic 
impedance of and reducing a size of a waveguide operating at a certain frequency. The method 
comprises the following steps. A top wall portion of the waveguide is processed to form a ridge 
projecting into the waveguide. The ridge extends along an elongate direction of the waveguide. 
The ridge is partitioned into a plurality of small ridges arranged in parallel and separated with 
each other by a gap, so as to effectively introduce a plurality of inductances between the ridge 
segments. The ridge segments themselves capacitively couple to a bottom wall of the 
waveguide, such that the ridge segments and the gaps form a transmission line operating in such 
a way as to slow a wave propagating down the waveguide. 



-3- 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0013] These, as well as other features of the present invention, will become apparent upon 
reference to the drawings wherein: 

[0014] Figure 1 shows a perspective view of a rectangular waveguide; 
[0015] Figure 2 shows a perspective view of a ridge waveguide; 

[0016] Figure 3 schematically shows a perspective view of a ridge waveguide with a slow- 
wave structure provided by the present invention; 

[0017] Figure 4 shows a cross-sectional view of the ridge waveguide along line 4-4 as shown 
in Figure 3; 

[0018] Figure 5 shows a cross-sectional view of the ridge waveguide along line 5-5 as shown 
in Figure 3; 

[0019] Figure 6 shows a cross-sectional view of the ridge waveguide along line 6-6 as shown 
in Figure 3; 

[0020] Figure 7 shows an equivalent circuit of the ridge waveguide as shown in Figure 3; 
and 

[0021] Figure 8A to 8C shows a fabrication process of the ridge waveguide having a slow 
structure. 



DETAILED DESCRIPTION OF THE INVENTION 



[0022] As mentioned above, ridge waveguides have been proposed as a useful modification 
to resolve the size issue of the rectangular waveguides. To further resolve the reduced 
characteristic impedance problem of the ridge waveguide and to adequately reduce the phase 
velocity of the wave propagated within the ridge waveguide, the present invention provides a 
ridge waveguide having a slow- wave structure as shown in Figure 3. The ridge waveguide has a 
hollow rectangular tube with a top wall 30t, two opposing side walls 30s and a bottom wall 30b. 
Preferably, the top, side and bottom walls 30t, 30s and 30b are fabricated from conductive or 
metallic materials, and the tube is filled with air. According to IRE standards, the coordination 
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system as shown in Figure 4 includes an x direction taken as the longer transverse dimension, a y 
direction taken as the shorter transverse dimension, and a z direction taken as the longitudinal 
dimension, along which the wave propagates within the ridge waveguide. Along the z direction, 
the central portion of the top wall 30t is recessed to form an elongate ridge 32 protruding 
downwardly into the tube. The ridge 32 has two side surfaces parallel with the side walls 30s 
and a bottom surface parallel with the bottom wall 30b. The ridge waveguide further comprises 
a plurality of trenches 34 formed in the ridge 32. In this embodiment, as the hollow tube has a 
rectangular profile, the trenches 34 are also configured into rectangular shape with a depth the 
same as the height of the ridge 32. As shown in Figure 3, the formation of the trenches 34 
partitions the ridges 32 into a plurality of small ridges 32a arranged in parallel along the z 
direction. It will be appreciated that in addition to the rectangular tube profile, the ridge 
waveguide can also be configured with other profiles such as cylindrical tube profile. When the 
ridge waveguide is configured into a structure other than a hollow rectangular tube, the shapes of 
the ridge 32 and the trenches 34 may also be altered. Further, though the ridge waveguide as 
shown in Figure 4 includes only one ridge 32, the present invention can also be applied to dual- 
ridge waveguide or multiple-ridge waveguide without exceeding the scope and spirit of the 
present invention. 

[0023] Figure 4 shows a cross sectional view of the ridge waveguide along the longitudinal 
dimension. In Figure 4, the side wall 30t is illustrated in dash-line, and the ridge 32 is illustrated 
in solid line. As shown in Figures 3 and 4, the ridge 32 is sandwiched by the side walls 30s and 
processed, preferably by micro-machine process, to form the trenches 34 therein. The micro- 
machine process will be introduced in details later in this specification. As the trenches 34 are 
intermittently formed along the ridge 32, the ridge waveguide provides alternate ridged 
rectangular paths and rectangular paths for a wave propagating through as shown in Figures 5 
and 6, respectively. That is, when a wave is propagating through the small ridges 32a, a ridged 
path is provided to the wave, and when the wave is propagating though the trenches 34, a 
rectangular path is provided to such wave. 

[0024] The width and height of the ridge 32 and the number and width of the trenches 34 
formed in the ridge 32 depends on the desired operation frequency. In this embodiment, the 
width, height and length of the ridge waveguide are 2.5 mm, 1.00 mm and 5.00 mm, and the 
width and height of the ridge are about 0.80 mm and 0.95 mm. For a ridge waveguide without 
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the slow- wave structure, that is, the trenches 34 intermittently formed in the ridge 32, the 
characteristic impedance is about 20 Ohms. By introducing sixteen 0.23mm wide trenches 34 
into the ridge 32, the characteristic impedance is increased to about 45 Ohms. Therefore, the 
power loss of the ridge waveguide having the slow- wave structure is greatly reduced. 
[0025] It is known in the art that when the rectangular waveguide as shown in Figure 1 
confines an electromagnetic wave within the conductive walls thereof, several boundary 
conditions of an electromagnetic wave are applied to the electromagnetic wave. That is, the 
tangential components of electric fields and the normal components of magnetic fields of the 
electromagnetic wave vanish at the walls of the waveguide. Therefore, a cutoff frequency fc as a 
function of the transverse dimension of rectangular waveguide, that is, a and b, can be derived. 
Consequently, the characteristic impedance and phase velocity as a function of the cutoff 
frequency fc can also be determined. When a ridge is introduced in the rectangular waveguide, 
the boundary conditions of the fields of the electromagnetic wave are modified. The tangential 
component of electric fields and the normal component of magnetic fields vanish at more 
positions of the coordinate system compared to those within the rectangular waveguide. 
Therefore, the cutoff frequency, characteristic impedance and phase velocity are different from 
those for the rectangular waveguide. In the present invention, as the trenches 34 are formed in 
the ridge 32, the boundary conditions of the ridge waveguide are only intermittently provided to 
the electromagnetic wave. As a consequence, the cutoff frequency, the characteristic impedance 
and the phase velocity are further altered. 

[0026] As mentioned above, the bottom surface of the ridge 32 and the bottom surface 30b of 
the rectangular waveguide are parallel with each other. As both the bottom surface ridge 32 and 
the bottom surface 30b are fabricated from conductive material, formation of the ridge 32 can 
thus be modeled as loading a pair of parallel plate capacitances to the waveguide along the 
elongate direction, that is, the z direction of the waveguide. As the ridge 32 has been partitioned 
into a plurality of small ridges 32a by the trenches 34, this pair of parallel plate capacitances is 
thus partitioned into a plurality pairs of plate capacitances periodically loaded to the waveguide 
in parallel. The top surface of trenches 34 interconnecting the small ridges 32a provides series 
inductances between the neighboring pairs of plate capacitances. An equivalent circuit of the 
ridges 32a and the trenches 34 is illustrated as Figure 7. The characteristic impedance of the 
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ridge waveguide having the slow-wave structure is increased, while the phase velocity is 
increased by a ratio of about 2.5:1. 

[0027] Figure 8A to 8C shows the fabrication process of the ridge waveguide with a slow 
structure as provided in the present invention. In the example of ridge waveguide with a 
rectangular profile, a body portion, including the bottom wall 30b, the side walls 30s, and an 
open top, is formed using regular machining process as shown in Figure 8A. As shown in Figure 
8B, a substrate 80, such as a silicon substrate, is provided. In Figure 8B, a plurality of 
photoresist layers 82 is formed on the top surface of the substrate 80. An etching step is then 
performed on the top surface of the substrate 80 to form a plurality of trenches in the substrate 80 
as shown in Figure 3. A layer of conductive material serving as the top wall 30t of the ridge 
waveguide is then plated on the etched top surface of the substrate 80. Preferably, the top wall 
30t is conformal to the surface profile of the etched substrate 80. The top wall 30t is then 
attached to the body portion of the waveguide to the side walls 30s to cover the open top thereof, 
so as to form the ridge waveguide having the slow structure as shown in Figure 3. 
[0028] Alternatively, the top wall 30t can also be formed by another process including the 
following steps. A planar plate having a first surface and a second surface opposite to the first 
surface is provided. The first surface is partially masked and processed to form a ridge. The 
ridge is recessed from the first surface and protruding from the second surface. The first surface 
is then unmasked, and the plate is flipped over, such that the ridge is projecting upwardly from 
the second surface. The ridge is partially masked and processed to form a plurality of trenches 
recessed therefrom. The plate having the ridge and the notches is then attached to the side walls 
30s with the second surface facing downwardly to form the ridge waveguide. 
[0029] This disclosure provides exemplary embodiments of ridge waveguide having a slow- 
wave structure and a method of fabricating the ridge waveguide. The scope of this disclosure is 
not limited by these exemplary embodiments. Numerous variations, whether explicitly provided 
for by the specification or implied by the specification, such as variations in shape, structure, 
dimension, type of material or manufacturing process may be implemented by one of skill in the 
art in view of this disclosure. 
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